Pathway for the movement of water and cryoprotectants in bovine oocytes and embryos.
The permeability of cells is important for cryopreservation. Previously, we showed in mice that the permeability to water and cryoprotectants of oocytes and embryos at early cleavage stages (early embryos) is low because these molecules move across the plasma membrane predominantly by simple diffusion through the lipid bilayer, whereas permeability of morulae and blastocysts is high because of a water channel, aquaporin 3 (AQP3). In this study, we examined the pathways for the movement of water and cryoprotectants in bovine oocytes/embryos and the role of AQP3 in the movement by determining permeability, first in intact bovine oocytes/embryos, then in bovine morulae with suppressed AQP3 expression, and finally in mouse oocytes expressing bovine AQP3. Results suggest that water moves through bovine oocytes and early embryos slowly by simple diffusion, as is the case in mice, although channel processes are also involved in the movement. On the other hand, water appears to move through morulae and blastocysts predominantly by facilitated diffusion via channels, as in mice. Like water, cryoprotectants appear to move through bovine oocytes/early embryos mostly by simple diffusion, but channel processes could also be involved in the movement of glycerol and ethylene glycol, unlike that in mice. In bovine morulae, although glycerol and ethylene glycol would move predominantly by facilitated diffusion, mostly through AQP3, as in mice, dimethylsulfoxide appears to move predominantly by simple diffusion, unlike in mice. These results indicate that permeability-related properties of bovine oocytes/embryos are similar to those of mouse oocytes/embryos, but species-specific differences do exist.